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ABSTRACT

A SAFE PARALLEL OPERATION OF A LOW-LOSS
CABLE AND EXISTING OVERHEAD LINE

This paper describes the components of a new
energy conservative cable system and new
methods to service prove new products with
out disturbing the existing power system.
Methods are presented for attaching a new
cable design to an existing system for a
trial installation.
It describes how field
splices and taps are easily made to extend
the line without a shutdown or disturbance.

Transmission systems are frequently operated
in parallel, protected to trip if either
line faults. On a common right-of-way,
overhead parallel lines are difficult to
protect individually.
A fault due to light
ning may engage both circuit and coupling of
lines is a consideration. A parallel over
head and underground line on the same rightof-way can be considered as isolated cir
cuits .

INTRODUCTION
A significant reduction in waste energy in
transmission lines and other electrical
power circuits can be achieved if new prod
ucts and methods were to exist to gain
acceptance. The only true test for a new
product is for it to operate under service
for several years.

A closed-loop distribution system is a par
allel connection and can be protected to
isolate a faulty line without loss of ser
vice. Downtown network systems have par
allel cables protected by limiters at both
ends. The limiters isolate a cable failure
without loss of service from the network.

Figure 1 shows the present line losses in
high capacity lines which range from 16 to
110 watts per phase per foot. Also shown
are the losses for high ampere bus, building
wires, and underground cables as listed in
Code and IEEE Tables. These losses range
from 3 to 28 watts per phase per foot.

Figure 2 shows one phase of a six mile, 795
Kcmil, ACSR, 318 MVA, 230 KV overhead trans
mission line. Figure 3 shows a single phase
in parallel with an underground cable con
nection without a shutdown or excessive arc
ing. A fault on the cable must clear with
out loss of service and the cables must be
returned to service without a shutdown. To
do this, a hot-stick load connection is
made.

The National losses for utility and user
lines are estimated at 6% to 10% of the
annual electrical usage, or 120 to 200 bil
lion KWH.

Assume a 500 foot section of line, with a 12
foot spacing, has a line impedance as fol
lows :

If these losses are charged at the cost of a
$15 barrel of oil, which could help reduce
this Nation's imports, their cost would be
from $3.2 to $5.4 billion each year.
$15/bbl
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X
X

.0268

X

120 BKWH

= $3,216 billion

.0268

X

200

= $5,360 billion

10,500 BTU/KWH
140,000

Z(line)

=

0.0131 + j 0.0383 ohms

Y(L)

=

7.995

- j

23.375 MHOS

= $0.0268/KWH
If the parallel low-loss cable is designed
for one watt per foot per phase loss, the
conductor size would be 12,000 Kcmil (See
Page 3).
A total of 48 (1/2" aluminum) rods would be
required.

The real question in energy conservation is
not how much can be saved, but can a savings
be made economically.
To reduce operating
losses is like finding a renewable, lossless
energy source which does not require mainte
nance and has no escalation in cost.

(500)2

250,000 Cmils per 1/2" rod
250 Kcmils

12,000
250

This paper will analyze new methods and
materials to reduce operating losses in
existing high voltage transmission lines and
how these new products can gain acceptance.
Every bit of lost energy counts. This is
fundamental to any efficiency, waste or con
servation program.

48 (1/2" rods)

The estimated diameter of the conductor
would be 4.2".
The estimated impedance for a cable length
of 600 feet, assuming 50 feet riser at each
end, is as follows:
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Z(Cable) =
Y(C)

=

0.0009 + j 0.287 ohms
1.092

fuse clamps from the lines at ends.
The
faulted cable, after removed from supports,
is repaired and tested.
The repair is made
in same manner as a duct splice as shown in
Figure 9. After repair, the cable is re
turned to service in a like manner as the
original installation.

- j 34.809 MHOS

If the line load is estimated at 60% or 480
amperes, the voltage drop in the circuit
would be approximately 8.2 volts and the cur
rent drawn by the cable would be 284 amperes.
On closing tap #2 a transfer of 2,328 VA are
made.
The charging current when tap #1
is closed, is less than 2 amperes.
Y(T)

Voltage
Drop

1(C)

=

Y(L) + Y(C)

=

9.087

=

480
Y(T)

=

480/58.89

=

8.2 volts

=

VD x Y(C) = 8.2 x 34.83

=

2 84 amperes
8.2 x 284 = 2,328 VA

I(Charg- =
ing)

.106(KV)(f)SIC
In Diameter Insulation
Diameter Conductor
.106 ~ ^

=

Fuses must be coordinated to blow before the
line relaying.
Line relaying must be check
ed for an overhead line fault with the
underground parallel cable energized.
Fuses
are very fast, so coordination will depend
on the exact determination of the cable
fault currents. Pre-fault tests are sug
gested for the cable to measure the fault
impedance.

- j 58.184

Volt-Amps =

In

Phase and ground spacing on the pole should
be selected for safe hot-stick working con
ditions, with all phases energized.

6.2
4.3

Consideration should be given to long lines
with the cable in parallel as to what might
be expected in the way of standing waves and
insulation coordination.
The spill gaps or
gapless protection must be evaluated to in
sure safety for all equipment.
LOW-LOSS AND LOW-COST CONDUCTORS
Overhead line losses are directly related to
the size or resistance of the conductor.
The most economical overhead conductor mate
rial is aluminum. The cost of the conductor
in a low-loss electric line is a major part
of the total line cost.
Underground lines
have and can use sodium as a conductor at a
lower cost than aluminum.
Sodium requires
approximately 5 KWH of electrical energy to
produce one pound and aluminum uses about 8
to 10 KWH per pound. Most of the aluminum
ore is imported. Sodium is abundant in this
country in the form of salt.
The density of
sodium is .94 and aluminum is 2.7. The
relative cost of sodium to aluminum is 39%
based on the ratios of KWH to produce, den
sity and conductivity.

(60)(1.2) x .6
1000

1.645 amperes

To energize1 the cable a hot-stick is used
attach tap #1 which draws less than 2 amperes. Tap #2 hot-stick attachment causes
284 amperes to flow. Both of these hotstick clamp attachments must be quick. No
data is available for load connections with a
hot-stick. Tests can be run with the calcu
lated current and voltage conditions to de
termine the proper electrode design to pre
vent damage to the overhead conductor.

5/9 x .94/2.7 x 100/50

To "close-in” under load is much easier than
to "open" under load.
No hot-stick openings
under load are required.
The only time the
cable will be removed is when a fault occurs
in the cable. Fuses at both ends would blow
to clear the line.

=

.387

One Watt Line
A design goal of one watt per foot per, phase
is suggested for the conductor of an energy
conservative line.
Compared to a line with
15 watts loss, this is a 93% reduction in
waste energy.

To energize the entire six miles of cable
would require the use of resistor links as
shown in Figure 3. The link resistors are
attached to the line for each phase with a
hot-stick. The sizes ofthe resistor links
are selected to limit the charging current
to low enough values to prevent arcing and
burning of the conductor.
Next, the fuses
are attached in parallel by a hot-stick.
The link resistors are now removed.
At the
other end of the cables, the fuses are
attached quickly to the line with hot-stick
clamps which completes the parallel.

A high capacity, one watt per foot per phase
energy conservative cable would have a very
large conductor conceivably 30 inches in
diameter.
Segmented Conductor
A large, solid conductor is technically fea
sible, however, the alternating current
resistance would be many times higher as the
AC current at 60 HZ would flow on the peri
meter. An annular, or hollow core, conductor
would be very large and would increase the
overall cable diameter and cost.

In case of a cable failure, it would be line
to ground.
Fuse #1 would blow and then fuse
*2. A hot-stick can be used to remove the
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An economical method to overcome this prob
lem is a segmental conductor which has been
used successfully in underground trans
mission circuits for over 50 years.

(80Q)2 x 17.17 x 1.09
1,000

Overhead transmission lines use air as the
main insulation between conductors.
Insula
tors at each support contain the electrical
charge on the conductors and prevent leakage
to earth. This is a rather inexpensive
method at high voltages, but presents space,
lightning, safety and environmental prob
lems. Conventional underground cables have
paper and oil pressurized with oil or gas to
200 psig or low pressure degasified oil.
Extruded polyethylene-type insulations or
solid dielectrics are being tried at trans
mission voltages.
SFg gas spacer cables
with epoxy spacers ha ve been tried during
the past five years. The cost of these
materials on a pound, density, and low-loss
comparison basis favors the SF„ gas. Figure
2 shows a summary of typical
aata.

To obtain a low-loss and low-cost large con
ductor, several methods can be used. Alumi
num rods in bundles of four are shown in
Figure 6. The rods are parallel and of
equal length. Each rod is 1/2" in diameter,
available from the mill in 5,000 pound
coils. The rod is usually re-drawn into
strands and then twisted into stranded con
ductors.
The AC/DC ratio of the 1/2" rod is
unity. Four bundles of four rods each can
be laid up in parallel. The aluminum oxide
film or a thin paper tape may serve to pro
vide the insulation between the rods and
bundles.

An analysis of the data in Figure 2 shows
that dry paper and SFg gas is almost 29
times more efficient than 200 psig paper/
oil. On a ratio of densities and costs, SFfi
gas/low density paper is 31% of the cost ofb
paper/oil.

Such a conductor can be built in long
lengths and a large diameter, economically.
To prevent bird caging and damage to the
conductor or insulation, the insulated con
ductor is pulled directly from the insulat
ing and shielding machine into a coilable
conduit which is laid out straight.
(Figure
7). The insulating, or spacer material, for
a large, loose-fit conductor is made of
helically-applied paper tapes.
A metallic
shield tape is placed overall.

=

1
0.034

=

29.2

.005 x 300 x .25 x 40
1.2 x 40

=

0.3125 (SF„/P-0)
6

A dry paper has not been used for cable in
sulation because of its low dielectric
strength, the problem of preventing moisture
absorption, and its high thermal resistiv
ity. Paper, a cellulose material, retains
5% to 8% water vapor in air at a 50% rela
tive humidity. Vacuum with heat or time can
remove all but .1% of the moisture. Once
exposed to the air, it immediately regains
the water vapor.

I2(KL)_______
Circular Mils

To overcome these problems, the paper is
dryed and sealed at the factory.
In Figure
7, the conduit is sealed, pressure-tested,
vacuumed and pressurized to 60 to 80 psig
^ 6 £as with terminals in place and ready for
co nnection in the field on leaving the
factory. The power factor, or losses, of
dry paper increases as the temperature in
creases. This is prevented by a low operat
ic? temperature which is assured by using a
large, low-loss conductor.

If K - 17.17 ohms per mil foot for 62% con
ductivity aluminum at 25 degrees C and L 1 foot,
I (17.17) Tc

0.034 (SF^-P/P-0)
6

Spacer

To determine the conductor size for a one
watt per foot per phase loss conductor, the
following equation is used.
=

=

The additional insulation thickness required
for SFg gas/paper can reduce the charging
curren ts of the insulation and reduces the
dielectric losses.

Conductor Size

1

1-2 x .01
3.5 x 0.10

The higher dielectric strength of paper/oil
would reduce the savings, but its higher
processing cost offsets the savings.

Another method is to use aluminum tubes
filled with sodium. The aluminum tubes are
assembled as were the rods, and filled with
sodium. The heat from the sodium is used to
help drive the moisture from the paper
spacer. Thin non-metallic tubes may replace
the aluminum tubes for economy.

=

11,978 KCMIL

LOW-LOSS AND LOW-COST INSULATION

The conventional segmental conductor has
four segments made up of stranded copper or
aluminum two of which are insulated with a
paper tape and placed opposite each other
(Figure 5). The segments extend to the
center of conductor.
When twisted, the seg
ments offer four insulated paths of the same
length and in the same relative position each segment will see three other segments
with identical spacing. Thus, the resist
ance and inductive reactance of each segment
will be the same. The AC/DC ratio, or cur
rent distribution, in each segment will be
uniform and near unity.

j 2r

=

Circular Mils

Tc = temPerature connection factor above 25
C. and AC/DC ratio. For example, an 800
ampere line would have a 12,000 KCMIL
conductor.
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SFg Gas

city streets at 60 psig natural gas pressure
as a replacement for steel gas pipe.
Ease
of joining by butt-fusion and no corrosion
problems have been verified. Damage by a
dig-in is immediately detected by noise.
The pipe is kink-proof, crush-proof and
gopher proof in sizes 2" and larger.

SFg gas approaches air as a low cost dielectr ic, yet it has a higher value.
It is
inert and has no carbon or oxygen.
Its
properties and use in high voltage circuit
breakers and dead-front transmission sub
stations have been well publicized and it has
earned the title "The Ideal Insulation".

SPLICES,

LOW-LOSS AND LOW-COST
PRESSURIZED CONDUIT AND TERMINATION

TAPS AND TERMINATIONS

Underground transmission splicing and termi
nating methods in use today require costly
materials, are time consuming, permanent and
require special skills.
Conventional under
ground cables with larger conductors would
reduce losses but the cost would be exces
sive.
An important step to reduce losses
encompasses splicing and termination costs
and the ease of doing these in the field to
extend or tap a line.

Pressurized cables have been used success
fully at all voltages.
Pressurization per
mits control of internal ionization of in
sulation.
Pressurized oil is handicapped by
thermal expansion which mounting costs re
quired for accessories.
Gas pressurized
cables of the pipe-type have fewer acces
sories but the magnetic steel which sur
rounds cables has high losses and is subject
to corrosion.
Lead and aluminum sheaths
have been used to contain the gas pressure
for self-contained cables.
Both have an
energy loss and a corrosion problem.
Sheath
fatigue under repeated flexing can cause gas
leaks. Field wipes, or seals, at splices
and terminations have been a maintenance
problem.

The premise is that an overhead line as
shown in Figure 3, as a single line diagram,
had initially attached to it an underground
line in steps.
A single span first.
Then,
all three phases.
After a convenient trial
period, the line would be extended in incre
ments to its full length and may be tapped.
Terminations

Polyethylene Gas Pipe

The terminations shown in Figure 4 are
factory-attached except for the spill gaps
and corona rings . These are designed and
tested to flash before the cable fails and
to match the line surge strength level .

A non-metallic conduit, factory-sealed and
tested, overcomes previous problems encoun
tered with the gas pressurized cables.
The
conductor, spacer and shield are loose-fit
in the conduit.
The loose-fit permits
flexibility for the large conductor, permits
treating or removal of water vapor, adds to
gas volume to serve as a reservoir, and will
permit pulling out of cable from conduit
under an improved area in case of trouble.

The termination is provided by the end sec
tion of conduit which contains an internal
stress cone in the pressurized SFg gas.
The
conduit end has a butt-fused f l a n g e to which
is bolted a metallic plate with O-rings.
The metal plate seals the conductor as it
leaves the conduit. Since overhead lines
are generally aluminum, a solid aluminum
rod would be the terminal.
For equipment
connection to copper bus, a solid copper
terminal would be used outside with a
copper-to-aluminum connection inside (Figure
8) .

Factors to consider with a non-metallic con
duit are flexibility, thermal, tracking,
water vapor diffusion, and weathering.
Long
lengths of conduits 4" in diameter have been
shipped on reels.
Sizes up to 30 inches in
diameter have been shipped in long lengths
on flat, multiple, railroad cars.
Site
manufacturing with portable equipment can be
economical for large conduit sizes on large
projects. Forty foot lengths of 48"
diameter non-metallic pipe have been shipped
and field joined.

Cadweld connections have been made between a
group of 1/2" aluminum rods and a single
copper rod.
Sealed in a dry gas at a low
operating temperature, a long life is antic
ipated .

The non-metallic conduit is lighter than
aluminum, has the unique characteristic of
providing insulation at terminations and
eliminates the need for costly terminal
structures for spreaders and potheads.

The termination is supported by clamping the
conduit just below the bottom corona ring.
The conduit can be shaped to clear the pole
or structure.

The versatility of a non-metallic conduit
out-weighs the thermal and water vapor dif
fusion limitations.
Since a low-loss con
ductor has a low operating tmeperature, the
conduit temperature is only a few degrees
above ambient.
A high density and high
molecular weight polyethylene has low water
diffusion and is hardly measurable at
ambient temperature. The mechanical proper
ties are suitable at 60 C . A non-metallic
polyethylene pipe has had over 15 years of
successful experience directly buried in

Shown in Figure 4 are grounded terminations
and a ground wire, dropped from the lower
corona ring.
Earth grounding for "through"
fault currents is the most economical.
Stray currents can not enter the nonmetallic conduit and burn holes.
One point
grounding is used for cable shields.
The
gas insulation and conduit can be pre-tested
to withstand fault over-voltages. An open
mid-point in the shield is easily made in
the SFg gas and the conduit provides addi
tional ground insulation. One point ground
ing is desirable to eliminate circulating
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current losses in the metallic shield.

ring connection with provisions for movement
to engage the conductors just as a piston
moves in a cylinder by a gas pressure.

An insulated conduit buried in the earth is
less likely to be a potential shock hazard
compared to a metallic pipe or sheath. How
ever, the conduits must be caged or secured
at riser points to prevent exposure to high
voltages.
A surface voltage under system
faults is transferable if the conduit sur
face is damp or conducting.

PRELIMINARY TESTS
Tests and calculations should be conducted to
demonstrate that fuses will coordinate and
clear the faulty cable without a power in
terruption or without damage to the system.
Fuses are required for economy.
Parallel
and series operation of fuses may be tested
to obtain the proper voltage and current
ratings. These tests can be run in the lab
oratory prior to the field installation.
Tests conducted in the factory under a
limited fault duty source indicate that the
main problem will be arcing faults which can
generate over-voltages.

The conduit surface between the corona rings
is provided with a non-tracking additive at
the factory or in the field. The conduit is
covered or shielded at ends to check ultra
violet light damage.
Splices
To extend the line, the coilable conduit is
removed at the terminal support and is
spliced to another length of factory-built
cable which has terminals at both ends. Two
factory-built terminals are joined in a
splice box as shown in Figure 8. A large
sleeve, with fittings and with a metallic
liner, long enough to cover ends of the in
side stress cone, is positioned over one
cable terminal. A paper tube is placed over
the other terminal. The terminals are bolt
ed together or joined electrically.
The
surfaces are cleaned and dried.
The paper
spacer is positioned over the connection.
The sleeve is centered and plastic welded at
ends .

COST ANALYSIS
Preliminary costing for turnkey proposals
suggests that a low-loss cable can be built
to reduce electric line losses if losses are
charged at the cost of imported $15 per bar
rel oil. A turnkey proposal for two sixmile 230 KV underground lines, rated 318 MVA
each, was bid at the same price for a new
overhead system. The underground cables
were sized for slightly lower losses than
the overhead as first cost was the main
concern.
Other turnkey proposals have been bid at a
lower cost than what was specified and with
considerable savings in line losses.

A pressure test at 150 psig is conducted
with dry C02 gas to detect leaks. Dry CO„
gas is used to dry out the splice. A dew2
point meter is used to measure the moisture
content.
If vacuuming is used, the dew
point meter is installed in the vacuum line.

CONCLUSIONS
Energy conservative electric lines are to be
considered now because a National need
exists to prepare for future energy short
ages .

SF gas connections are made to the existing
ca b l e , the new cable, and the splice. The
splice is charged to the full pressure of
the cable.

Entirely new approaches have been explored
starting from the manufacturing stage to a
completely installed system.
This is called
the "Systems Approach" for low-loss and lowcost electric lines.

Control valves can be installed in the gas
lines at splices to restrict gas flow in
case of a conduit break or dig-in.

No permanent commercial installations have
been made with the new techniques and
methods, but extensive factory and field
tests have been conducted successfully.
Numerous turnkey proposals have been made to
establish that the system can be designed to
be competitive with both underground and
overhead lines with reduced losses.
A pro
duction line as shown in Figure 7 is oper
able. A UL fact-finding report is planned
for a new "Type" cable, IGS-EC (Integrated
Gas Spacer Cable - Energy Conservative).
Numerous foreign patent applications have
been filed.

The entire splices are directly buried and
marked.
A duct splice, Figure 9, is made in the fac
tory for longer lengths of cables or in the
field.
In the field, the splice is made
under a slight gas flow from each cable to
prevent moisture from entering cables. The
splice is made with gloves in a "seethrough" plastic cover which surrounds the
splice.
Taps
Taps are made with the cable de—energized
similar to the Figure 8 and 9, except that
a cast tee connector is used with a very
larger radius at its surface.

No established cable companies are now
offering SFg gas systems similar to that
proposed.
Thus, the immediate impact of
such a new system is expected to be minimalHowever, utilities and users can now
approach existing high-low lines with new
insights for reducing line losses and there
by conserving energy.

A hot tap would be made at a pre-planned tap
point. The energized tap is made under full
gas pressure. A plug-in type connection
would be joined and pressurized with an 0-
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#3,613,231, 10/19/1971, "Methods for Manu
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FIGURE 1 - TYPICAL I2R LINE LOSSES - PEAK
WATTS LOSS PER PHASE PER FOOT,

paper/oil
paper/oil degasified
paper/oil
200 psig oil
paper/oil
200 PSIG GAS
extruded
solid dielectric

SFg gas (40-80 psig)
DRY PAPER
CREPE PAPER

„
% POWER FACTOR

DESIGN STRESS
VOLT s 7 m IL

v/LB

DENSITY

SIC*

30-40
50-60

1.-1.4
1.-1.4

3.5
3.5

1.0
0.1

40-60
300-400

50-60

1.-1.4

3.5

0.1

300-400

50-60

1.-1.4

3.5

0.1

200-300

.9-1.4
.005
.25-1.4
.25-.50

2.3
1.0
1.2-2.5
1.2-2.5

0.01
0.0001
0.01
0.01

40-90
60-125
125-200
125-200

50-70
250-300
30-40
90-125

* SPECIFIC INDUCTIVE CAPACITANCE

FIGURE 2 - INSULATION MATERIAL DATA.

49

OVERHEAD THREE PHASE LINE - ALUM WIRES
POLES OR TOWERS, INSULATION, SUPPORTS
PROTECTION & RELAYING
FIGURE 3 - TYPICAL SINGLE LINE DIAGRAM, EXISTING THREE PHASE
OVERHEAD TRANSMISSION LINE,

©
©
©
©

RESISTOR LINK
FUSE LINK
SPILL GAP & CORONA RING
GROUND WIRE

©

©
©

THREE ISOLATED PHASE
UNDERGROUND CABLES
DIRECTLY BURIED, NON
CONDUIT
GAS PRESSURE VALVE CAPPED
GROUND RODS & CABLE
SHIELD GROUNDING

FIGURE A - PARALLEL, NEW UNDERGROUND CABLE WITH EXISTING
OVERHEAD LINE.
50

FIGURE 5 - CONVENTIONAL 3000 KCMIL SEGMENTAL LOW-LOSS CONDUCTOR.

(!) 1/2" ALUMINUM RODS, A PER SEGMENTS,
16 PER SECTOR, TOTAL OF A8 PER CONDUCTOR.
0 ALUM OXIDE FILM OR THIN PAPER SPACER
FOR ROD INSULATION.
0

PAPER SPACER TO HOLD RODS TOGETHER.

FIGURE 6 - 16,000 KCMIL SEGMENTED LOW-LOSS CONDUCTOR.
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PAYOFF REEL FOR 1/2" ALUM RODS.
1/2" ALUM RODS.
FEED-IN 8 STRAIGHTENING TUBE.
VARIABLE SPEED DRIVE (WINCH 8 TAPING).
WINCH FOR PULLING ROPE.
PAPER TAPING HEADS.

©
©

SHIELD TAPING HEADS.
ANCHORED 8 STRAIGHT NON-METALLIC
CONDUIT.
© PULLEYS.
©
PULLING ROPE.
(II) CONDUCTOR, PAPER SPACER 8 SHIELD
ENTERING CONDUIT.

FIGURE 7 - PRODUCTION LINE - SEGMENTED CONDUCTOR 8 LOW-LOSS CABLE.

Q
©
0
0
©

TEE VALVE.
GROUND STUD.
NON-METALLIC CONDUIT.
PLASTIC WELD.
NON-METALLIC SLEEVE
WITH METALLIC LINER.

0

CONDUIT.

0
0
0

NON-METALLIC SLEEVE.
PLASTIC WELD.
CONNECTOR & CONDUCTORS,

©
0
0

PAPER SPACER.
SHIELDING TAPE.
SHIELDING BOND STRAP.

0

SFg GAS ( AO

to

80 PSIG )

©

PAPER SPACER.

@

CONNECTOR.

0

NON-METALLIC CONDUIT
END FLANGE,
O-RING SEAL.
METALLIC FLANGE.

©

CABLE SHIELD S STRESS CONE,
CUT-AWAY VIEW.
GAS TUBING.
GROUND CONNECTION.
GROUND WIRE & ROD.
SFg GAS ( AO TO 80 PSIG ).

0
0
©

TERMINAL STUD,
COPPER OR ALUM.

©
©
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